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‘DRY TOMB LANDFILLS

Nothing stays buried forever. We veview major deficiencies of dry tomb landfill-
ing and present alternative approaches for managing MSW that will provide
greater protection for public bealth, groundwater resources, and the environment.

G. FRED LEE AND ANNE JONES-1EE

SW management has evolved in the US from open dumps through classical san-
itary landfills to dry tomb sanitary landfills. The dry tomb sanitary landfilling approach

is basically.an open dump in which each day’s wastes are covered by a few inches
of soil (classical sanitary landfill) where compacted soil (clay) and plas-
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tic sheeting (flexible membrane liners
known as FMLs) are used to try to isolate
the untreated MSW from moisture. This con-
tainment system aiso is designed to try to
collect and manage the leachate (garbage
juice) generated within the dry tomb that
results from the entrance of moisture into
the tomb. Other countries and geographi-
cal areas in parts of Canada and Western
Europe have chosen not to adopt the dry
tomb method of MSW landfilling, typicai-
ly because of the likelihood of the ultimate
failure of the dry tomb containment (liner)
system to prevent moisture from entering
the landfill and to collect all leachate gen-
erated in the landfill.

DErFicENCIES IN SUBTITLE D LANDFILLS
USEPA (1988a), as part of developing Sub-
title D regulations, stated in the August 1988
Federal Register:

“First, even the best liner and leachate
collection systern will ultimately fail due to
natural deterioration,
and recent improve-
ments in MSWLF
(municipal solid waste
landfill) containment
technologies suggest
that releases may be
delayed by many dec-
ades atsome landfills.”

USEPA Criteria for
Municipal Solid Waste
Landfiils (USEPA,
1988b) states:

“Once the unit is
closed, the bottom layer
of the landfill will dete-
riorate over time and,
consequently, will not
prevent leachate trans-
port out of the unit.”

Thesituation today
is no different than it
was in 1988. There is
no doubt that a com-
posite liner, including
a double-composite-

d linersystem composed
of plastic shccnng and compacted soil con-
forming to minimum Subtitle D require-
ments, will not prevent landfill leachate
from passing through the liner system into
the aquifer systemassociated with the land-
fill for as long as the wastes in the landfill
represent a threat. This eventually will
lead to pollution of the groundwater
hydraulically connected to the landfiil.

TamTY-YEAR PoSTCLOSURE MAIRTENANCE

Commentaries on USEPA-proposed Sub-
title D landfill regulations (Lee and Jones,
1988) discussed the ability of the then-pro-
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posed dry tomb landfilling approach to pro-
tect public health, groundwater quality, and
the environment from adverse impacts of
the wastes for as long as the MSW in the
tomb would be a threat. While RCRA and
USEPA Subtitles C and D mandated a min-
imum 30-year postclosure maintenance anc

monitoring period, the agency did recog-
nize that this period may need to be expand-
ed where it specifies that the regional
administrator may extend the postclosure
maintenance monitoring period beyond the

minimum 30 years.

It is obvious, considering the charac-
teristics of MSW and the processes that take
place in dry tomb landfills, that MSW ina
dry tomb sanitary landfill will be a threat
topublichealth, groundwater resources, and
the environment for as long as the landfill
exists (Leeand Jones-Lee, 1992; 1993). The
inorganics (metals, salts) and many organ-
ics will be athreat, effectively, forever. Lee
and Jones-Lee (1994b) have recommend-
ed that the minimum 30-year postclosure
maintenance and monitoring period should
be abandoned in favor of expanded, per-
petual-funded maintenance and monitoring.
Hickman (1992; 1995) has urged that a
dedicated trust fund be developed for all
landfills to mest contingencies that may be
encountered in the future.

PosrcLosure Caxz Fuxnme
Lee and Jones-Lee recommend that th
postclosure maintenance and monitoring
funding be developed from additional dis-
posal fees thatare placed ina dedicated trust
that can be used only to meet the clo-
sure/postclosure maintenance and moni-
toring needs. They recommend the
magnitude of the trust fund be sufficient to
eventually exhume (mine) the wastes in the
landfiil and properly manage these wastes
so they do not represent threats to public
health, groundwater resources, and the envi-

" ronment. Lee and Jones-Lee (1995a) have

recently reviewed the problems with cur-
rent dry tomb landfill closure and postcio-
sure maintenance and monitoring
approaches and have recommended
approaches for closure and postclosure
maintenance for classical sanitary and dry
tomb Subtitle D landfills.

Since, with few exceptions, both of the
types of landfills (classical and dry tomb
sanitary landfills) will pollute groundwa-
ters and the aquifer system hydraulically
connected to the landfill, the key to public
health and environmental protection is the
establishment of aleak-detectable cover that
prevents moisture from entering the land
fill after closure. The current Subtitle D re,
ulations allowed the closure of a dry tomb
sanitary landfill with a cover that does not
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necessarily keep the wastes dry so that the
landfill does not generate leachate that can
penetrate the landfill liners and pollute the
groundwaters associated with the landfill.
The development of the funding necessary
to operate and maintain the leak-detectable
cover is also a key component of proper
closure of dry tomb sanitary landfills.

INADEQUATE GROUNDWATER MoNITORING
One of the most significant deficiencies
with USEPA Subtitle D sanitary landfills
is the unreliability of the groundwater mon-
itoring system typically allowed to detect
when liner leakage occurs. Subtitle D reg-
ulations require that the groundwateratthe
point of compliance, which is equal to or
less than 500 ft. downstream from the waste
management unit, meet drinking water
standards. The typical groundwater mon-
itoring approach at the point of compliance
involves placing vertical monitoring wells
spaced hundreds to a thousand ormore feet
apart. Cherry (1989) and, more recently,
Lee and Jones-Lee (1994a) have discussed
the inability of this monitoring well array
toreliably detect groundwater pollution by
landfill leachate before widespread
groundwater pollution occurs beyond the
point of compliance.

The narrow plumes produced by initial
leaks of the Subtitle D single-composite-

liner system will readily pass between the

vertical monitoring wells that are used to

monitor ieachate-polluted groundwater at
the point of compliance. These wells have
zones of capture of approximately 1 ft.
around the well. In order to be effective,
such monitoring wells would have to be
spaced approximately 10 ft. apart. Michi-
gan’s Department of Natural Resources,
through thedevelopment of the state’s Rule
641 governing MSW landfilling, recog-
nized the deficiencies in the USEPA Sub-
title D groundwater monitoring approach
and adopted double-composite-lined MSW
landfills where the lower-composite liner
isaleak-detection system for the upper Sub-
title D composite liner. There is a leak
detection layer between the upperlinerand
the lower liner. The collection of leachate
in the leak-detection system between the
two liners is a clear indication that the
upper liner has failed.

At this time, however, Michigan does
not require that adequate funding be made
available to take action to either stop the
leachate production which is passing into
the leak-detection system between the two
composite liners or remove the wastes from

the landfill. Lee and Jones-Lee (1994a) rec-

ommend that a trust fund be developed
fromdisposal fees to facilitate action when
needed to prevent leachate from passing
through the lower-composite linerand pol-
luting the groundwaters near the landfill.
This dedicated trust would ensure that funds
are available whenever they are needed at
any time in the future to address the
inevitable failure of the composite liner.

ALTERNATIVE LANDFILLIRG APPROACHES
At this time the US is the only country that
has adopted the dry tomb sanitary landfill-
ing approach. Several states such as New
York, New Jersey, and Pennsylvania deter-
mined in the 1980s that a single-composite
linerofthe type adopted by USEPA in 1991
as Subtitle D minimum requirements would
not be adequate to protect groundwater
resources from pollution by landfill leachate
in dry tomb landfills. Since the promuiga-
tion of these regulations by USEPA in 1991,
a number of other states such as Arizona,
Michigan. Kentucky, and Oregon have
adopted double-composite liners for MSW
landfills. As the significant deficiencies in
minimum Subtitle D landfill liner and cover
systems are becoming more widely recog-
nized, itis likely that many other states will

adopt double-composite-lined MSW land-
fills as the minimum needed for protecting
groundwater resources from pollution by
landfill leachate. It is important, however,
in adopting double-composite liners not to
try to rely on the lower-composite liner as
acontainmentliner. Instead it shouid be part
of a leak-detection system for the upper-
composite liner. :

MSW leachate recycle in which leachate
is introduced back into the landfill has been
found to potentially greatly accelerate the
“stabilization” of the landfill. This so-called
stabilization is the conversion of fer-
mentable organics in the wastes into car-
bon dioxide and methane (landfill gas).
EMCON (1975; 1976), headquartered in
Pebble Beach, CA, conducted one of the
most definitive demonstration projects on
the value of MSW leachate recycle. In that
study it was found that landfill gas pro-
duction processes that normally take 30 to
50 years in a conventional sanitary landfill
could be accelerated to take place in four
to five years under field conditions.

Leacmare RecycLE I¥ LawnriLLs
Recently considerable attention has been
givento leachate recyclein Subtitle D land-

fills. Much of this attention arises from the
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fact that leachate disposal is expensive at
some landfills. Recycling leachate back
into the landfill at some locations is ini-
tially an inexpensive way to dispose of
leachate. Lee et al. (1986) have discussed
the importance of shredding MSW as part
- of any leachate recycle project to break up
the plastic bags that are used for home and
commercial solid waste disposal. Faiiure
to shred the waste could readily hinder the
accelerated stabilization of the fermentable
components of MSW.-

Lee et al. (1985) conducted a compre-
hensive review of the advantages and dis-
advantages of MSW leachate recycle. As
they point out, some states at that time pro-
hibited leachate recycle due to the poten-
tial for increased groundwater pollution
associated with the increased hydraulic
loading on the landfill. This problem can
be especially important in Subtitle D land-
fills where the single-composite-liner FML
makes the groundwater monitoring system
particularly ineffective indetecting leachate
pollution of groundwater by leakage through
the liner. Lee and Jones-Lee (1995b) rec-
ommend that MSW leachate recycle only
be conducted in double-composite-lined
landfills where the MSW is shredded.

While MSW leachate recycle is well-
known to cause accelerated rates of con-
version of fermentable organics to landfill
gas, the so-called landfill stabilization that
occurs in this process does not address the
leaching of chemical constituents in the
waste. Well-stabilized MSW with respect
to gas production still is a significant threat

to groundwater pollution. Lee and Jones

(1990) and Lee and Jones-Lee (1993) rec-
ommend that following a four- to five-year
MSW leachate recycle period at the closure
of the landfill a 10- to 15-year clean water
leaching of the fermented waste residues
be practiced. This *“wet cell” approach not
only converts the fermentable organics in
the landfill to CO? and CH*, but aiso leach-
es the waste to remove those componeats
of the waste that representlong-termthreats
to groundwater quality through passage of
the leachate through the liners.

This wet cell approach should be con-
ducted in double-composite-lined landfills
using shredded wastes in which the lower-
composite liner is a leak-detection system
for the upper-composite liner. If during the
leachate recycle or leaching of the waste
with clean water it is found that leachate
is detected in the leak-detection system
between the two composite liners, then the
leachate recycle or clean water leaching
should be stopped and the waste exhumed
from the Iandfill.

There is need to change Subtitle D reg-
ulations to permit the managed leaching of
the wastes with clean waterduringthe time
the landfill liners are expected to be effec-
tive, in order that the clean water washing
of the wastes be accomplished.

WaERe Do We Go rrom HeRre?

The USEPA Subtitle D dry tomb landfill-
ing approach, as adopted in 1991, at best
only postpones groundwater pollution by
a few decades from what would have
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occurred in the classical unlined sanitary
landfill. Further, the FML in the single-
composite liner makes monitoring of liner
leakage and groundwater pollution high-
ly unreliable.

Alternative approaches to the dry torr’
sanitary landfill include double-compos
liners where the lower-composite liner is
part of a leachate-detection system for leak-

_ age of the Subtitle D liner. The cover used

to close a dry tomb sanitary landfill should
include a leak-detectable cover that is effec-
tively operated and maintained forever.
Adopting this approach should enable the
development of dry tomb sanitary landfills
that will be protective of public health,
groundwaterresources, and the environment
for as long as the wastes represent a threat.
The wet cell landfilling approach in
which a landfill is operated as a biologi-
cal and chemical reactor to ferment and
leach the components of the wastes (gas
and leachate) that represent long-term
threats to public heaith and the environ-
ment is a method of choice for MSW man-
agement. While somewhat more expensive
initially, in the long term it would be a far
cheaper method of MSW management as
a result of removing those components of
MSW that represent long-term threats t0
public health, groundwater resources, and
the environment. Msw
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ates in El Macero, CA.

JANUARY/FEBRUARY 1996

D-044549



o

Reference Addendum to Dry Tomb Landﬁlls

Additional information on the topics discussed in this paper is available from the authors by
phone: 916-753-9956, fax: 916-753-9956, or e-mail: gfredlee@aol.com.
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